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ABSTRACT

The use of laser powder bed fusion (LPBF) in the precise production of complex formed
structure parts is growing need of the industry. During production, the martensitic microstructure of the
Ti-6A41-4V alloy is easily formed. Preheating the powder bed can improve the mechanical
characteristics by enhancing the thermal field created by cyclic laser heating during LPBF. All of the
Ti-6A41-4V alloy samples produced by LPBF in the present research exhibit a near-full densification
state, with a densification ratio of above 99.4%. The specimens are made of a single type of a-
martensite when the temperature of the powder bed is less than 400 °C.As the temperature rises over
400 °C, the V element diffuses and redistributes, that leads to precipitate at the limits of the a-
martensite. Additionally, as the temperature of the powder bed rises, the o/o. lath becomes coarser. The
specimens created at temperatures below 400 °C have a high strength but poor ductility. Additionally,
when the temperature rises above 400 °C, the ultimate tensile strength and yield strength somewhat

decline while the ductility increases significantly.
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1.0 INTRODUCTION

In SLM, a platform is covered in a thin layer of metal powder, which is then fused selectively in
an inert gas environment using a powerful laser beam. When the first layer has been scanned, the main
platform is lowered by the thickness of the subsequent layer, and powder is once more dispersed on a
platform using a roller. This process is repeated until the last layer has been applied [4-6]. Biomedical
components and aeronautical spare parts are frequently created using SLM since it is quicker and allows
for the creation of complicated parts with superior mechanical qualities, especially high specific strength
of the part. Laser power, laser spot, number of heat sources, laser beam wavelength, scan velocity,
working volume, layer thickness, material used, build envelope capacity, and inert gas consumption are
the most crucial process parameters for PBF printers [6, 7]. A PBF machine's main characteristic is its
laser power, which can be anywhere between 100 and 1000 watts [8]. Laser spot sizes range from 50 to
500 m. Almost all SLM printers use a Nd:YAG and fibre laser with a wavelength of 1060 nm. In a PBF
machine, the scan velocity is a variable parameter that may be selected by the user in order to obtain
precise results for the part. Depending on the size of the part to be manufactured, the working volume is
dependent on the chamber volume. The variable parameter of layer thickness ranges from 20 to 200 m.
the variety of materials that can be processed in accordance with needs. Build envelope capacity, which
typically ranges from 5 to 50 cm3/h, is inversely connected to resolution of accuracy and directly
proportional to scan velocity.In SLM machines, the printing process is carried out in a secluded
chamber that is typically filled with Argon, an inert gas. Between 30 and 300 I/h of gas are consumed
[8-10]. According to Figure 1.1, a generic powder bed fusion printer has the following chambers: a
build platform chamber and scanning system, where the final object is constructed using a high-energy
laser; a powder supply and recoating system, which aids in spreading metal powder via a recoater blade.
Figure 1.2 shows the working principle of laser melting under powder bed fusion and solidification

phenomenon in selective laser melting.
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Figure 1.1: Components of generic Powder bed Fusion Printer [9].
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Figure 1.2: Working principle of Selective laser melting under PBF [13]

2.0 Materials and Methods

2.1 Experimental design and analysis

Processing parameters used are the laser power (P) of 200 W and the scanning speed (v) of 1000
mm/s. The powder layer thickness (t) of 30 um and a stripe filling strategy with the hatch distance (h) of
150 pm were applied. The laser energy density (E) was 45 J/mm3 , and this value was obtained using
the following equation: E = P/(vth) as shown in Fig.2.1, then using Netfabb simulation utility to perform

analysis which helps to obtain the results of displacement and stress distribution as shown in Fig.2.2

and Fig.2.3 respectively.
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Figure 2.1: Process Parameters to create PRM fileFigure 2.2: Displacement magnitude
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Figure 2.3 Stress distribution
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Table 2.1: Results obtained

Properties Values

Maximum stress 981 MPa

Maximum 0.57 mm
displacement

3D model (Cubic bar of 10*10*10mm3) is created using creo-parametric as shown in Fig.2.4(a)
and Stereo lithography (stl) file is saved, this. stl file is then imported in Autodesk Netfabb as shown in
Fig.2.4(b). A machine of SLM solutions 280HL 1.0 is added from the added machine list in Autodesk
Netfabb 2021. This machine is equipped with a fiber modulated pulse laser with a maximum power of

800 W and wavelength of 1070 nm.

(a) (b)
Figure 2.4: (a) 3D Model (b) Stl file imported in Netfabb
Now process parameters such as material Ti-6Al1-4V, Machine configurations and supports are
selected as shown in Fig.2.5(a). The build chamber was filled with argon gas to maintain an inert
atmosphere as shown in Fig.2.5(b). A multi-directional meander scan strategy was used where the laser
scan direction was rotated by 67° for each layer to reduce residual stresses. Fig.2.5(c) shows that
component was built on a Ti-6Al1-4V metal substrate preheated to 60 °C. The temperature of the build

chamber during the process was 34-36 °C.
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Figure 2.5: (a) Machine configurations & parameters selection (b) SLM 280HL1.0 build

chamber (c) build support
Thermal analysis of Multiple-cube specimens with a dimension of 10 mm x 10 mm x 10 mm

were performed using Autodesk Netfabb at various temperatures as unheated, 200 °C, 400 -C and 600
°C. Keeping Constant Processing parameters as shown in Table 2.2 below. Figure 2.6(a) shows the

window to enter build plate/bed temperature.

Table 2.2: Thermal analysis Parameters under SLM at different bed temperatures

Bed Temp. | Laser Scanning Powder Layer | Hatch Energy
Power(W) | Speed Thickness(um) | Distance(um) | Density
(mm/s) (J/mm®)
Unheated
200°C
300 °C 200 1000 30 150 45
400 °C
500 °C
600 °C

Properties  Size
Material
Match part deposition material:
Thermal conditions

Heating:

rers) Temperature

Mechanical constraints
Plate fixture: Fix build plate base, symmetry on build plate faces

“« I oK
(a) (b)
Figure 2.6: (a) Entering build plate/bed temperature (b) build plate/bed shown below supports
Fig.2.7shows the stress distribution at different bed temperatures, which depicts that maximum

stress is obtained at unheated bed condition which shows the unheated powder bed shows highest

| Discovery-International Multidiciplinary Refereed Research Journal | @ | @ | @ | & | M | © |121



| Volume , Issue I, March 2023 | www.discoveryjournal.in | ©2023 DISCOVERY | ISSN 0000-0000 |

strength and worst ductility. As the powder bed temperature increases, the tensile performance exhibits
a trade-off phenomenon in strength and ductility; specifically, the ultimate tensile and yield strengths

decrease, whereas ductility improves.
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Figure 2.7: Stress distribution at (a) unheated bed (b) 200 °C (c) 300°C (d) 400 °C
(e) 500°C (f) 600°C
Stress-strain curve is generated using MATLAB, as we have ultimate stress which is higher in
unheated powder bed condition and minimum in case of 600°C as shown in Fig.2.8(a) below and

Fig.2.8(b) shows the yield and ultimate strength at different powder bed conditions.
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Figure 2.8: (a) Stress strain curve at different bed temperature (b) Strengths

Conclusion

The specimens manufactured at the temperature lower than 400 oC exhibit high strength but bad
ductility. Moreover, the ultimate tensile strength and yield strength reduce slightly, whereas the ductility

is improved dramatically with the increasing temperature, when it is higher than 400 °C.
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